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Abstract 
This paper calculated the agricultural CO2 emissions of Sichuan province from 1997 to 2008, then did the 
Environmental Kuznets Curve hypothesis test, and finally decomposed the total effect of CO2 emissions to 
production effect, structure effect and intensity effect using LMDI method. The results show: the relationship 
between Sichuan agricultural CO2 emissions and its economic growth is a rising straight line from 1997 to 2008, and 
the increasing of the total CO2 emissions is mainly caused by the intensity effect. Structure effect has a positive effect 
to CO2 emissions reduction, and production effect has small negative effect on CO2 emissions first and gradually 
increases to a positive effect from 2004. 
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1. Introduction 
The fourth report of Intergovernment Panel on Climate Change(IPCC) published in 2007 clearly 
pointed out that there are sufficient observations to prove the warming of the glob al climate system and 
above 90% of the climate change is caused by mankind ’s activity  in  the last 50 years. And the climate 
change is due to the greenhouse gases emissions which are main ly caused by using fossil fuel. CO2 is paid 
more attention to for its relatively great emissions and long lifecycle among all the greenhouse gases. As 
an agricultural province and comprehensive reform pilot area of urban and rural development of China, it  
is very important to develop low-carbon economy especially low-carbon agriculture, reduce the 
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agricultural CO2 emissions of Sichuan province and studying on the relationship between agricu ltural CO2 
emissions and its economic growth has a good effect on the reduction of agricultural CO2 emissions. 
Scholars have done a lot of work on the relationship between CO2 emissions and economic growth. 
Grossman and Krueger [1] d iscovered that the increasing of per-capita income will accompany the 
improving of the environmental condition when it reaches a certain level, about $4000-$5000 according to 
the price of 1985. Furthermore, Grossman and Krueger [2] used a wider environmental indices to conduct 
a cross-panel model analysis and found that most of the environmental indices deteriorate at the initial 
phase of the economic growth, but they show a steady betterment with the economic gro wth. Results from 
Richard and Stoker et al. [3] indicate inverted U curve of the relationship between CO2 emissions and per-
capita income. Roca and Alcántara [4] studied the relationship among energy intensity, CO2 emissions and 
Environmental Kuznets Curve in Spain and d iscovered that there are no consistencies among them and 
energy intensity of Spain hasn’t been reduced gradually. Birgit and Miehael [5] indicated that the linear 
and quadratic model are not applicable to the situation of Austria, the relationship between CO2 emissions 
and GDP is just like N-shaped curve from 1960 to 1990 and it  is suit for the cubic function to describe the 
relationship between the two. Recent results from Akbostanel and Türüt-Aşık et al. [6] indicate the 
relationship between CO2 emissions and per-capita income is the linear monotone increasing when using 
temporal series model from 1968 to 2003 in Turkey, while it is a N-shaped curve when using the panel 
data model of its 58 provinces from 1992 to 2001. Focacci [7] selected emission-intensity ratio and 
energy-intensity ratio to do an empirical analysis of Brazil, China and India and final results do not 
correspond closely to the theoretical strict formulations hypothesized in the classical Environmental 
Kuznets Curve. Du Tingting and Mao Feng et al. [8] d iscovered that the relationship between CO2 
emissions and the growth of per-capita income is a N-shaped curve using temporal series model from 
1950 to 2000 in China and it is suit for the cubic function to describe the relationship between the two. 
Recent results from Li Guozhi and Li Zongzhi [9] indicate that economic growth is the main driv ing 
factor to the increasing agricultural carbon emssions of China from 1981 to 2007, technical progress and 
the changing of energy consumption construction have positive effect on it, too.  
Hence, in the literature concerning the study of relationships between CO2 emissions and economic 
growth on nation interest whose shape may be different in d ifferent countries or areas, the studies of the 
relationship between the two on the different areas of a country and sectors are less.  
2. The Analytical Model and Method 
2.1. The General Environmental Kuznets Curve Model 
The General Environmental Kuznets Curve describes the different relationships between 
environmental degradation and economic growth which can be simplified expressed as the equation (1): 
 
itititititiit zxxxy HEEEED  433221                                                                                  (1)  
y is the indicator of environmental degradation (i.e. CO2, SO2 et al.), x reffers to per-capita income, z 
represents other factors causing the environmental degradation, subscript i reffers to the countries or areas, 
t reffers to the year, α is a constant term and βk is the coefficient of the k-th explaining variab le. And 
different parameter values of the modle reffer to different types of the curve which are shown in table 1. 
Table 1. Parameters and types of the curves in the model of EKC hypothesis  
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Parameter value Changing of induced variable Relationship of the Curve  Types of the curve 
β1=β2=β3=0 Constant Unrelated to the “x” Line 
β1>0, β2=β3=0 Monotonic increasing Linear function Straight line 
β1<0, β2=β3=0 Monotonic decreasing Linear function Straight line 
β1>0, β2<0, β3=0 Increasing-decreasing Quadratic function Inverted U curve 
β1<0, β2>0, β3=0 Decreasing-increasing Quadratic function U curve 
β1>0, β2<0, β3>0 Increasing-decreasing-increasing Cubic function N curve 
β1<0, β2>0, β3<0 Decreasing-increasing-decreasing Cubic function Reversed N curve 
2.2. The Logarithmic Mean Divisia Index (LMDI) Method 
Ang and Zhang et al. [10] proposed a refined Divisia index method based on decomposition of a 
differential quantity which overcame the existence of a res idual, is proved to be a perfect decompositon 
and the handling of zero values in the data set. This paper follows their approach to decompose the total 
effect of  agricultural CO2 emissions using the Logarithmic Mean Divisia Index (LMDI) approach. 
Define ƸEtot which is the change in total CO2 emissions from the year 0 to year t and is given by Et-E0. 
And ƸEtot is decomposed into three different effects associated with the following factors: the change in 
total industrial production (i.e. production effect ƸEpdn), the change in production structure (i.e. structural 
effect ƸEstr), and the change in sectoral CO2 emissions intensity (i.e. intensity effect ƸEint) which is 
shown in equation (2) to (5) : 
 
ƸEtot=ƸEpdn+ƸEstr +ƸEint                                                                                                                      (2) 
ƸEpdn=L(Ei,t , Ei,0)Ln(Yt /Y0)                                                                                                                     (3) 
ƸEstr= L(Ei,t , Ei,0)Ln(St /S0)                                                                                                                     (4) 
ƸEint= L(Ei,t , Ei,0)Ln(It /I0)                                                                                                                       (5) 
We define the following variab les for year t with the CO2 emissions measured by the consumption of 
energy use: Yt , gross domestic product; Ei,t, CO2 emissions in sector i; Si,t, production share of sector i 
(=Yi,t /Yt); Ii,t, CO2 emissions intensity share of sector i (=Ei,t /Yi,t). And L(Et , E0)=(Et-E0)/Ln(Et/E0). 
3. Application Study of Sichuan Province 
3.1. The Indicators and Data Sources Utilized 
We present per capita CO2 emissions of peasants as the indicator of environmental degradation, which 
is calculated accord ing to the agricultural energy consumption of Sichuan province, CO2 emissions 
coefficient of IPCC and  the average calorific  of China. And per capita net income of peasants of Sichuan 
province is selected to be the indicator of agricu ltural economic growth. We present the two series  data to 
study on the relationship between agricultural CO2 emissions and agricultural economic growth using 
Eviews 5.0 and decompose the total effect of its agricultural CO2 emissions using LMDI method. Datum 
come from China Energy Statistical Yearbook, China Rural Statistical Yearbook, Sichuan Statistical 
Yearbook from 1997 to 2009 and Guidelines for National Greenhouse Gas Inventories  of IPCC (2006). 
3.2. Estimating the Agricultural CO2  Emissions of Sichuan Province 
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We should convert the CO2 emissions coefficients of IPCC to an  adjusted coefficient using the average 
calorific, for the CO2 emissions coefficients of IPCC are calculated according to the standard coal 
consumption of each  energy resource. The IPCC CO2 emissions coefficients of raw coal, gasoline, 
kerosene, diesel o il, fuel o il and natural gas  are 94600 kg/tj, 69300 kg/tj, 71900 kg/tj, 74100 kg/tj, 77400 
kg/tj and 56100 kg/tj and the energy average calorific of China are 20908 kj/kg, 43070 kj/kg, 43070 kj/kg, 
42652 kj/kg, 41816 kj/kg, 38931 kj/kg separately. So the adjusted CO2 emissions coefficient of raw coal, 
gasoline, kerosene, diesel oil, fuel oil and natural gas are 1.9779 kg, 2.9848 kg, 3.0967 kg, 3.1605 kg, 
3.2366 kg and 2.1840 kg per kilogram of each energy resource.  
According to the consumption of each energy resource and the adjusted CO2 emissions coefficient, we 
estimate the total agricultural CO2 emissions of Sichuan, which are shown in table 2.  
Table 2. Estimated agricultural  CO2 emissions of Sichuan province  (unit: 104 ton) 
 
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 
Toal CO2 
emissions 
67.25 158.01 164.74 150.11 159.21 159.41 229.75 332.43 324.25 370.64 398.65 502.57 
3.3. General EKC Model Hypothesis Test 
To know the relationship between agricultural CO2 emissions and its economic growth, we select the 
temporal series of per capita CO2 emissions and per capita net income of peasant to do the EKC model 
hypothesis test of linear function, quadratic function and cubic function separately using Eviews 5.0 
whose results are shown in table 3.  
 Table 3. Results of general EKC model hypothesis test   
Type of function Expression of the function R2 F-statistic Prob (F-statistic) Type of the curve 
Linear function  
y=-22.0601+0.0237x 




(-3.2872) (3.8112)  (-2.2083) 0.9538 92.9558 0.000001 Inverted U curve 
Cubic function y=-154.5421+0.1602x-4.37E-05x
2+4.4E-09x3
(-1.7257)   (1.5801)  (-1.1927)   (1.0399) 0.9593 62.8918 0.000007 N curve 
Results in table 3 indicate that there is a high correlation between  Sichuan agricultural economic 
growth and its CO2 emissions, and the linear function is the best function to fit  the real situation of 
Sichuan province according to the t-value in parentheses and F-statistic.. 
3.4. Decomposition the Total Effect of Agricultural CO2  Emissions 
In order to know the causes of the increasing agricultural CO2 emissions of Sichuan, we decompose the 
total effect of agricultural CO2 emissions. The first industrial production and gross demestic production of 
Sichuan are adjusted at the fixed price of 1997. They are used to calculate the production effect (ƸEpdn), 
structure effect  (ƸEstr), intensity effect (ƸEint) and total effect  (ƸEtot) in the LMDI method whose results 
are shown in figure 1. 
From figure 1, we can see that the total effect of agricultural CO2 emissions of Sichuan province is in a 
rising trend in  general which is the same to intensity effect, and production effect is a negative value from 
1997 to 2003 and then to a positive value, structure effect declines continuously. Rising of the intensity 
effect indicates that CO2 emissions per unit of agricultural GDP increases, and dependence on energy of  









Fig. 1. Decomposition the total effect of agricultural CO2 emissions of Sichuan province 
agricultural production increases continuously. The declining proportion of agriculture in the nationa l 
economy caused by adjustment of industrial structure lead to  the decline of the structure effect. The 
changing of production scale compared with that in 1997 lead to the decline -increase trend of the 
production effect. 
4. Conclusion  
There exists a high correlation between agricultural economic growth and its CO2 emissions in Sichuan 
from 1997 to 2008, meanwhile, per capita CO2 emissions show a linear upward trend with the agricultural 
economic growth. And the increasing agricultural CO2 emissions are mainly  caused by intensity effect. 
Structure effect has a positive effect to CO2 emissions reduction, and production effect has a small 
negative effect to CO2 emissions first and gradually increases to a positive effect  from 2004. Therefore, 
agricultural industry of Sichuan is in a rapid  development stage and inflexion point o f EKC has not 
appeared. So we should pay more attention to the environment degradation with the agricu ltural economic 
growth, eliminate the backward  agricultural machinery gradually, p romote energy structural adjustment 
of agricu lture and develop low-carbon agriculture to realize the inflexion point of EKC as soon as 
possible and the optimum interactive between agriculture and environment. 
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